Purpose. Valid protocols use nomograms based on standardized stages to calculate maximal oxygen uptake (VO 2 max). Although the maximal ramp exercise protocol offers advantages over traditional protocols, it is not known if the non-standardized stages approach affects the accuracy to estimate VO 2 max. the study aims to examine the accuracy of 2 equations for predicting VO 2 max in a maximal ramp exercise test. Methods. Overall, 11 men (age: 26 ± 5 years, height: 178 ± 7 cm, weight: 77.6 ± 9.9 kg) underwent 3 sessions of a maximal ramp test on a motorized treadmill; the speed increments were equal but with 0, 3, and 6% grades. Expired gases were analysed with a portable metabolic system. the VO 2 max measured was set as the highest mean value observed from 7 consecutive breaths and it was predicted from 2 equations: American college Sports Medicine (AcSM) and Myers. ) approximately 38 ± 11% lower than directly measured (49.6 ± 6.7 mL · kg -1 · min -1
Introduction
For over half a century, maximal exercise stress testing has been the most widely used non-invasive tool to provide diagnostic and prognostic information of an individual's cardiovascular, pulmonary, and muscular systems [1] . Maximal exercise stress testing typically occurs on a motorized treadmill [2] with the individual achieving voluntary fatigue. there are several exercise testing protocols performed on the treadmill, such as Bruce [3] , Ellestad [4] , and Naughton [5] . the established guidelines recommend that exercise testing protocols should consider the purpose of the test and characteristics of the individual to be tested (exercise prescription, sports training, or clinical evaluation), and have small gradual increments in workload in order to present a more linear relationship between the measured oxygen uptake and work rate [1, 6] .
Most of the traditional exercise testing protocols mentioned above use large increments in workload per stage (> 1 MEt), a non-individualized approach, and test duration outside of the recommended 8-12-minute range [7] [8] [9] . Developed by Whipp et al. [10] , the individualized ramp protocol, which allows customized constant and modest increases in workload per stage (resistance on cycle ergometer or speed and grade on Human Movement, Vol. 19, No 4, 2018 humanmovement.pl treadmill), results in a more uniform increase in hemodynamic and physiologic responses and accurate estimates of exercise capacity and ventilatory threshold [6] . Additionally, this protocol is nowadays widely used in clinical settings, both in healthy, active populations and in clinical patients [11] , and recommended by the American college of Sports Medicine (AcSM) [7] and the American Heart Association [12] . One of the parameters acquired from all maximal exercise testing protocols mentioned above is maximal oxygen uptake (VO 2 max), related to the limits of the cardiopulmonary and musculoskeletal systems [3] . VO 2 max is obtained by the direct measurement of expired gases and ventilatory responses during exercise, usually through computerized metabolic cart systems. However, the equipment costs, time demands, and need for trained technicians discourage the use of direct measurement in clinical settings. Another way to obtain VO 2 max is by converting the maximal achieved workload using previously developed regression equations. the association between measured and predicted oxygen uptake, based on a previous study, suggests that the individualized ramp protocol has advantages over other protocols when the need for predicting oxygen uptake exists [13] .
regarding the individualized ramp protocol, there are 2 equations recommended by the AcSM to calculate VO 2 max. the first is the Myers et al. [13] regression equation, which was developed on the basis of data acquired when using a ramp protocol among 200 middle age healthy and hypertensive (24% of the subjects) adults. the other prediction equations are the AcSM walking or running metabolic equations, developed for submaximal steady-state exercise [7] and used by some stress testing manufacturer companies (e.g. Burdick corporation, Milwaukee, USA). recent evidence has shown that the AcSM walking or running equations [7] are not capable of accurately predicting VO 2 max in athletes using the Bruce protocol [14] . this is due to the increases in workload irrespective of steady-state oxygen consumption. Additionally, it is not known if these equations are valid and accurate to predict VO 2 max in individualized maximal ramp protocols. therefore, this study examined the accuracy of 2 equations for predicting VO 2 max in young adults using an individualized ramp protocol. it was hypothesized that the Myers et al. [13] and AcSM [7] equations would not accurately predict the VO 2 max of healthy young individuals using an individualized ramp protocol.
Material and methods

Subjects
the total of 11 young healthy male (mean age, height, and weight were 26 ± 5 years, 178 ± 7 cm, and 77.6 ± 9.9 kg, respectively), physically active (according to a physical activity questionnaire -minimum 150 minutes of moderate physical activity as per AcSM guidelines), non-smoking volunteers were recruited at a university, as well as the surrounding community; 4 subjects were amateur athletes (training frequency: 5 days per week) and 7 subjects were engaged in running/cycling and/or resistance training (training frequency: 3-4 days per week). they did not have a previous history of fainting, nausea, or musculoskeletal discomfort during exercise.
VO 2 max measurement
Each subject completed 3 VO 2 max ramp tests using different fixed grades (0, 3, and 6%) but equal speed increments (on average 0.92 ± 0.17 km · h -1 ) under temperate conditions (19.5°c ± 0.7 and 53 ± 8% air relative humidity). the purpose of the 3 different fixed grades, but equal speed increments was to increase the number of VO 2 max measurements per subject and, consequently, calculations per subject using the 2 prediction equations. Additionally, we tested if different ramp protocol designs (3 different grades; 0, 3, and 6%) would interfere with VO 2 max prediction. the initial speed was 6.0 ± 1.2 km · h -1 (varying from 5.0 to 9.0 km · h ). these speeds were based on the estimated physical fitness of the volunteers. the tests were performed in a counter-balanced order and separated by at least 48 hours (but not more than 7 days). Exercise testing was performed on a semi-computer-controlled treadmill (PrO 300 rt, Movement, São Paulo, Brazil). the ramp protocol began with a 3-minute warm-up at 5 km · h -1 . then, the grade was set at a fixed value (0, 3, or 6%) and speed was increased at an individual rate until voluntary fatigue was reached. Verbal encouragement was given throughout the test. the speed increments occurred every 60 seconds and were based on the results of the physical activity questionnaire to induce volitional fatigue between 8 and 12 minutes [9] . the subjects were blinded to the speed, grade, and time elapsed on the tests. the Borg rating of perceived exertion (rPE) scale (6-20) was used to quantify the level of exertion at each minute. At the point of maximal exhaustion, the grade was removed, and the speed was , the treadmill was stopped, and the volunteer remained seated for a period of 10 minutes.
During each test, expired air was analysed in a breath-by-breath format by a portable metabolic cart (K4b2, cosmed, rome, italy). the calibration of airflow, volumes, and both the O 2 and cO 2 occurred immediately before each test as recommended by the manufacturer. Heart rate (Hr) was recorded every 5 seconds with a short-range telemetry apparatus (F4 Blk, Polar, Kempele, Finland). A blood sample of 25 L was collected from the finger tip for lactate concentration measurement at 30 seconds into the recovery phase (Accusport, Boehringer Mannheim, castle Hill, Australia). Maximal oxygen consumption was determined by the attainment of at least 3 of the following five criteria: (1) a plateau (delta VO 2 < 50 mL · min -1 at VO 2 peak) in VO 2 with increases in external work, (2) maximal respiratory exchange ratio (rEr) > 1.15, (3) maximal Hr > 95% of the maximum age-predicted value (220 -age), (4) blood lactate over 8 mmol · min -1 , and (5) rPE over 18 [9] .
Predicted VO 2 max calculation VO 2 max was calculated on the basis of the speed and grade of the last completed 1-minute stage of the 3 tests (0, 3, and 6% grade) with the following equations:
1. AcSM running equation [7] : All data were analysed with the Statistica software (version 7.0 for Windows). the Shapiro-Wilk test indicated that the data were normally distributed. Sphericity was also checked, and the data did not violate this assumption for one-way analysis of variance (ANOVA). Statistical analyses included Pearson product moment correlations to establish relationships between predicted and measured values, and ANOVA with repeated measures to determine significant differences between predicted and measured VO 2 max means. if a significant F ratio was obtained in the ANOVA test, tukey's honestly significant difference (HSD) test was used to locate differences between the means. Statistical significance was set at the alpha level of 0.05. BlandAltman graphs were applied with measured VO 2 max plotted on the x-axis, and the difference between the VO 2 max predicted with the use of the AcSM [7] and Myers et al. [13] equations and VO 2 max measured directly plotted on the y-axis. the upper and lower 1-MEt agreement lines were indicated in the BlandAltman graphs. On the basis of our sample size and alpha of 0.05, we achieved the statistical power of 0.97. All graphical representations were made with the Prism 3.0 software.
Ethical approval
the research related to human use has been complied with all the relevant national regulations and institutional policies, has followed the tenets of the Declaration of Helsinki, and has been approved by the institutional review Board on Human Experimentation of the University center of Belo Horizonte, Brazil (protocol 008/2009).
Informed consent
informed consent has been obtained from all individuals included in this study.
Results
All subjects performed the 3 exercise stress tests until voluntary fatigue without any complications. the actual test duration varied from a minimum of 6:30 to a maximum of 15:01 minutes. the subject characteristics and physiological responses of the maximal ramp exercise test are presented in table 1. the VO 2 max results which were measured directly and predicted by the 2 equations are presented in Figure 1 . the average VO 2 max measured directly (49.6 ± 6.7 mL · kg -1 · min -1 ) was lower (p = 0.01; mean differ- ). the VO 2 max results from 0, 3, and 6% grade (48.2 ± 6.1, 49.7 ± 6.6, and 50.9 ± 7.6 mL · kg -1 · min -1 , respectively) were not statistically different (p > 0.05) (table 2). Analysing the 3 different grades separately did not affect prediction for the AcSM equation [7] , as it varied from 9 to 10% compared with 10% with all 3 grades together. Also, VO 2 max predicted by the AcSM equation [7] was not different between the 3 different grades (0, 3, and 6% grades, p = 0.09). However, for the Myers et al. [13] equation, we observed a large difference when analysing each grade separately (from 27.7 to 50%) compared with all 3 grades together (ca. 38%). Moreover, VO 2 max predicted by the Myers et al. [13] equation was higher for 6% compared with 3% (p < 0.001) and 0% grade (p < 0.001) and higher for 3% compared with 0% grade (p < 0.001).
the relationship between all measured and predicted VO 2 max values throughout the exercise protocols are shown in Figure 2 . the VO 2 max measured directly positively correlated with the AcSM running [7] (r = 0.76, r 2 = 0.58, p < 0.001) and Myers et al. [13] (r = 0.53, r 2 = 0.28, p = 0.001) equations. the standard errors of the estimates were 6.5 and 19.9 mL · kg -1 · min -1 for the AcSM running [7] and Myers et al. [13] equations, respectively. the Bland-Altman graph for the AcSM running [7] equation ( Figure 3A) indicates that it has poor agreement and a tendency to overestimate VO 2 max. in addition, the Bland-Altman graph for the Myers et al. [13] equation (Figure 3B ) reveals that it has no agreement and underestimates VO 2 max. * significant difference (p < 0.05) between the ACSM [7] and Myers et al. [13] equations vs. direct measurement Figure 1 . VO 2 max measured directly and calculated by the AcSM [7] and Myers et al. [13] equations (mean ± SD, n = 33) ) measured directly and calculated by the AcSM [7] and Myers et al. [13] equations in the 3 differing graded ramp tests (mean ± SD, n = 33) 0% 3% 6%
Direct measurement 48.2 ± 6.1 49.7 ± 6.6 50.9 ± 7.6 AcSM [7] 53.2 ± 7.2 54.3 ± 6.4 55.4 ± 6.3 Myers et al. [13] 24.1 ± 2.7 31.0 ± 3.1 36.8 ± 3.7 Discussion the present study examined the accuracy of 2 equations recommended for predicting VO 2 max in an individualized ramp protocol. the most important aspect of the study was to compare the extent of the errors produced in the prediction equations with measured VO 2 max values to make a recommendation on whether or not these methods should be employed in everyday exercise settings. Our results indicate that VO 2 max is over-and under-predicted with the AcSM running [7] and Myers et al. [13] equations, respectively. the authors believe that several factors may have played a role in this result and these are discussed in detail below. this result undermines the use of these specific metabolic equations in predicting VO 2 max.
it was observed that the AcSM equation [7] overpredicted the VO 2 max by approximately 10%. in this case, the standard error of the estimate (SEE) (6.5 mL · kg -1 · min
) indicates a poor accuracy of the AcSM equation [7] . Additionally, the upper and lower 1-MEt agreement lines in the Bland-Altman plots ( Figure 3A) show that only 33% of the VO 2 max values predicted with the AcSM equation [7] were within the 1-MEt limit. A number of previous studies have evaluated the accuracy of the AcSM equations. Peterson et al. [15] found that the AcSM equation [7] overpredicted VO 2 max (by approximately 20%) when the Pepper protocol was applied, and concluded that it was not appropriate for use when testing older adults. Foster et al. [16] also observed a significant difference between estimated and measured VO 2 max values (55.3 ± 16.4 vs. 47.1 ± 14.6 mL · kg -1 · min -1 , respectively, p < 0.01) in a group of individuals with heterogeneous exercise capacities (from very debilitated patients to competitive athletes) using a protocol similar to the ramp one. the authors noted a significant relationship between the estimated and predicted VO- [14] also found that the AcSM equation [7] was not capable of accurately predicting VO 2 max in athletes using the Bruce protocol. Alternatively, the authors developed a regression model that correlated moderately with the measured values of VO 2 max. it should be noted that the AcSM equation [7] was developed for submaximal steady-state exercise (including protocols of 2-3 minutes or more in duration), and in the ramp protocol, owing to its nature, the VO 2 response is specific to the non-steady-state conditions. Additionally, the aforementioned previous studies used different maximal exercise protocols and populations and have found a statistical difference among measured and predicted VO 2 max values. taken together, the reported differences in the results of applying the VO 2 max prediction equations are most likely due to the use of exercise protocols and intensities (non-steady state exercise) other than those for which the equations were actually intended (continuous steady-state exercise).
the Myers et al. [13] equation under-predicted VO 2 max by approximately 38%. the upper and lower 1-MEt agreement lines in the Bland-Altman plots ( Figure 3B) show that none of the VO 2 max values predicted with the Myers et al. [13] equation were within the 1-MEt limit. in the original study, Myers et al. [13] involved fit (VO 2 max of 33.1 mL · kg -1 · min -1 ) middle aged (ca. 43 years old on average) hypertensive (24% of the subjects) and normotensive participants. the authors predetermined the speed on the basis of the peak treadmill walking speed, which resulted in low speed (5.3 km · h -1 ) and high grade (16%) during the tests. this high grade may have changed the walking efficiency (handrail holding) of the subjects and resulted in a greater degree of error when predicting VO 2 max on the lower treadmill grade. in the present study, we used young healthy active males, running with a preset grade and high speed (13.9 ± 2.1 km · h -1 ). these protocol characteristics may account for the observed differences and low correlation between the predicted and measured VO 2 max herein. Additionally, the Myers et al. [13] regression equation is derived from the AcSM equation [7] and may inflate the magnitude of the error and lower agreement with the measured VO 2 max. thus, caution is recommended when using this equation with protocols and groups of individuals with characteristics different from those in the original study. the use of 3 different grades (0, 3, and 6%) in this ramp protocol style did not affect the VO 2 max values which were measured directly ( ). However, the protocol used was different from that in the present study: the speed was increased every 2 minutes and the speed increments were not similar between tests (grade vs. non-grade). the 3 different grades used in the present study did not affect VO 2 max prediction with the AcSM equation [7] . However, a greater variation in VO 2 max prediction was observed for the Myers et al. [13] A possible limitation of the design described herein was the use of 3 tests for the same subject. Our intention was to increase the number of measurements per subject in order to allow more samples of directly measured and predicted VO 2 max values. A recent study [18] compared the efficacy of a ramp incremented protocol and an rPE-clamped test (consisting of five 2-minute stages where subjects self-selected the work rate) protocol for eliciting VO 2 max and found no difference, therefore indicating that the work rate did not change VO 2 max on the same duration test (568 ± 72 s in the ramp protocol and 600 ± 0 s in the rPE-clamped protocol). Additionally, the subjects in our study were physically active and healthy for the majority, and thus our findings need to be verified in sedentary and nonhealthy populations. Furthermore, in some studies using a ramp protocol, grade began to increase once the prespecified maximum speed was achieved by a subject. in the present study, grade was fixed from the beginning of the exercise test. this procedure was necessary to guarantee 3 different graded exercise tests. However, we believe that this methodological approach may have interfered with the VO 2 max values directly observed or predicted.
Conclusions
the results indicate that the AcSM [7] and Myers et al. [13] equations over-and under-predict the VO 2 max of young adults in a maximal ramp protocol, respectively. Although the AcSM equation overestimated VO 2 max compared with direct measurements, we recommend its use with caution. in the case of a precise value of VO 2 max being required, we recommend direct measurements. Further studies are needed to determine the effectiveness of the AcSM equation in populations with characteristics different from those studied herein.
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